The utility of new polytetrahydrofuran cross-linked polystyrene resins is demonstrated through the solid-phase synthesis of a phthalide library. The phthalides are synthesized via directed ortho-lithiation of resin bound benzamides and isolated via cyclative cleavage.
The synthetic utility of the directed ortho-metallation (DoM) reaction is well documented. 1 Despite the renewed interest in the adaptation of solution-phase organic reactions to the solid-phase, 2 there are only two reported examples of DoM chemistry applied on a solid support: (1) The lithiation of 1-hydroxyimidazole with n-BuLi. 3 In this case, the increased acidity of the proton on the heterocycle allowed for selective deprotonation without interference caused by resin deprotonation, which is known to occur. 4, 5 (2) A single example of the lithiation of a phenyl ether. 6 The development of a general procedure for the solidphase DoM of the commonly used benzamide moiety would greatly extend the utility of this type of chemistry. Furthermore, the directed lithiation of benzamides could provide convenient access to the phthalide class of compounds ( Figure 1 ). Using such a strategy, the solid-phase DoM of benzamides to synthesize a library of phthalide molecules would have two noteworthy features: (1) The trapping step is amenable to the use of a variety of electrophiles. ( 2) The amide functionality acts as both the directing group for metalation and as the linker to the resin. The result of this combination is that cyclic cleavage of only the desired product would be observed. We have recently introduced a new class of resins designed specifically for solid-phase organic synthesis that are based on polytetrahydrofuran (PTHF) cross-linkers 1a-c (Figure 2 ). 7 Our decision for utilizing this type of cross-linking element was based upon the following considerations: (1) The desire to create a resin interior that is more "organic solvent-like" than that of divinyl benzene (DVB) cross-linked resins. (2) Anticipation that the flexible PTHF cross-linkers could result in better site accessibility as compared to relatively rigid DVB cross-linked resins. Herein we report the utilization of the PTHF crosslinked resins in the synthesis of a phthalide library via a benzamide ortho-lithiation reaction. Traditionally aminomethyl resins are prepared by derivatization of preformed resin beads. 8 We chose an alternative method that involves the incorporation of a functionalized monomer into the polymerization reaction. It was deemed that this procedure would result in resins of more highly defined composition. Thus, aminomethyl resins 2a-c were prepared by suspension copolymerization of 1a-c, 3 and styrene followed by removal of the phthalimide protecting group ( Figure 3 ). We believe that in the future this process of polymerization of functional monomers will become a valuable alternative to traditional bead derivitization. As previously reported, 7 we found that for resins cross-linked with 1a-c, at least 5 mole percent cross-linking was required to ensure resin stability to n-BuLi. Therefore resins 2a-c are all 5 percent crosslinked. It should be noted that incorporation of 3 into the polymerization process allowed for direct attachment of the requisite aroyl molecule to the resin without use of an intermediary spacer or linker group.
Resins 2a-c were treated with benzoyl chloride and triethyl amine to yield 4a-c. Sequential treatment of 4a-c with tetramethylethylene diamine (TMEDA) and sec-BuLi was followed by addition of 4-anisaldehyde. Product 5 was obtained by treatment of the resins with refluxing toluene (Table 1) . It should be noted that commercial DVB cross-linked polystyrene (PS) provided lower yield than did resins 2a-c. Tentagel-NH 2 was also examined, but only trace amounts of contaminated 5 could be isolated. Since resin 2c afforded the highest yield of 5, it was chosen as the support for the library synthesis. During further optimization of the reaction, it was found that higher yields were obtained when n-BuLi was used in the absence of TMEDA. To generate a diverse library, resin 2c was treated with benzoyl chloride, 4-methoxybenzoyl chloride and 4-trifluoromethylbenzoyl chloride to afford resins A, B, and C, respectively ( Figure 5 ). These three electronically different benzamides were lithiated with nBuLi and reacted each with 8 aromatic aldehydes to afford a 24 member library ( Table 2 ). All compounds were characterized by 1 H-NMR and found to be greater than 95 percent pure. Furthermore, yields were comparable to what is observed in solution-phase chemistry. In conclusion, a general method for the solid-phase DoM of benzamides has been developed and its versatility has been demonstrated through the generation of a high purity phthalide library. Furthermore, our new PTHF crosslinked resins have been shown to be suitable supports for this chemistry and they provide improved results compared to some of the most broadly used commercially available resins. 
General procedure for resin 2a-c synthesis.
A solution of acacia gum (6.0 g) and NaCl (3.75 g) in water (150 mL) was placed in a 150 mL flanged reaction vessel equipped with a floating magnetic stirrer 10 and deoxygenated by purging with N 2 . A solution of 3 (2.00 g, 7.60 mmol), styrene (6.0 mL, 52.4 mmol), 1c (2.65 g, 3.00 mmol), and benzoyl peroxide (0.15 g) in chlorobenzene (9 mL) was injected into the rapidly stirred aqueous solution. This mixture was heated to 85 °C for 16 h. The crude polymer was collected and washed in a Soxhlet extractor with water, THF and hexanes. The beads (8.52 g, 84%) were dried in vacuo and sieved to afford resins in 3 size ranges: 50-100 mesh (1.48 g, 15%), 100-200 mesh (3.49 g, 35%) and 200-400 mesh (1.66 g, 16%). The 100-200 mesh resin was suspended in refluxing 95% EtOH/H 2 NNH 2 . H 2 O (20:1, 40 mL) for 16 h. The resin was collected, washed with hot EtOH, H 2 O, dioxane, and MeOH (50 mL of each solvent) and dried in vacuo. The amine loading level was determined by FMOC release assay.
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General procedure for benzamide resins A-C synthesis. Resin 2c (1.0 g) was swollen in dry THF (15 mL) and treated with triethyl amine (5 eq.) and benzoyl chloride (5 eq.). After 1 h at room temperature, the resin was washed with THF, 1:1 THF/H 2 O, DMF, MeOH and ether (40 mL of each solvent) and dried in vacuo. Resins A-C were negative to a Kaiser amine test.
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General procedure for phthalide library synthesis. Resin A (0.126 mmol) was placed in a flame dried 50 mL round bottom flask equipped with a nitrogen inlet and a magnetic stirrer. Dry THF (10 mL) was added, the reaction mixture was cooled to 0 °C and n-BuLi (7 eq., 2.5 M in hexanes) was added. After 5 min the aldehyde (10 eq.) was added and the reaction mixture was allowed to stir at 0 °C for an additional 30 min. The reaction mixture was warmed to room temperature and after 1 h the resin was washed with THF, DMF, MeOH and ether (10 mL of each solvent). The re- sulting resin was refluxed 16 h in toluene, filtered and the filtrate was concentrated in vacuo to afford the phthalide in greater than 95% purity as determined by 1 H NMR spectroscopy.
